Airway inflammation and epithelial remodeling are two key features of asthma. IL-13 and other cytokines produced during T helper type 2 cell-driven allergic inflammation contribute to airway epithelial goblet cell metaplasia and may alter epithelial-mesenchymal signaling, leading to increased subepithelial fibrosis or hyperplasia of smooth muscle. The beneficial effects of corticosteroids in asthma could relate to their ability to directly or indirectly decrease epithelial cell activation by inflammatory cells and cytokines. To identify markers of epithelial cell dysfunction and the effects of corticosteroids on epithelial cells in asthma, we studied airway epithelial cells collected from asthmatic subjects enrolled in a randomized controlled trial of inhaled corticosteroids, from healthy subjects and from smokers (disease control). By using gene expression microarrays, we found that chloride channel, calciumactivated, family member 1 (CLCA1), periostin, and serine peptidase inhibitor, clade B (ovalbumin), member 2 (serpinB2) were up-regulated in asthma but not in smokers. Corticosteroid treatment down-regulated expression of these three genes and markedly up-regulated expression of FK506-binding protein 51 (FKBP51). Whereas high baseline expression of CLCA1, periostin, and serpinB2 was associated with a good clinical response to corticosteroids, high expression of FKBP51 was associated with a poor response. By using airway epithelial cells in culture, we found that IL-13 increased expression of CLCA1, periostin, and serpinB2, an effect that was suppressed by corticosteroids. Corticosteroids also induced expression of FKBP51. Taken together, our findings show that airway epithelial cells in asthma have a distinct activation profile and identify direct and cell-autonomous effects of corticosteroid treatment on airway epithelial cells that relate to treatment responses and can now be the focus of specific mechanistic studies.
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gene expression microarray ͉ serpinB2 ͉ CLCA1 ͉ FKBP51 A sthma is characterized by inflammation of the airways with eosinophils and mast cells, by airflow obstruction that is reversible by ␤-adrenergic agonists, and by bronchial hyperresponsiveness to stimuli such as cold air, methacholine, and histamine (1) . Allergic airway inflammation in asthma is orchestrated by T helper type 2 cells, which are defined by their secretion of a panel of cytokines, including IL-4, IL-5, and IL-13. These cytokines promote the accumulation of eosinophils and mast cells in the asthmatic airway. In addition, resident lung cells, including airway epithelial cells and smooth muscle cells, appear to play important roles in effecting or perpetuating the airway response to T helper type 2 cytokines (2, 3) .
Dysfunction of airway epithelial cells in asthma is thought to contribute to activation of innate immune responses, perpetuation of adaptive immune responses, increased mucus production, and production of mediators that may influence the underlying mesenchyme (4-7). These epithelial cell actions are likely triggered by T helper type 2 cytokines and the products of consequent infiltration by eosinophils, mast cells, and other inflammatory cells.
Asthma is typically responsive to treatment with inhaled or oral corticosteroids (8) . At least some of the beneficial effects of corticosteroids may be due to inhibition of inflammatory cell function and thus decreased stimulation of epithelial cells. In addition, corticosteroids may have direct effects on the epithelial cells themselves.
To explore epithelial cell dysfunction in asthma and the therapeutic actions of corticosteroids, we collected epithelial cells from human airways by using bronchoscopy and examined expression profiles on genome-wide microarrays. In particular, we compared gene expression in epithelial cells from subjects with asthma before and after treatment with either an inhaled corticosteroid or placebo in a double-blind randomized controlled trial. We also analyzed gene expression in airway epithelial cells from two control groups: healthy nonsmokers and habitual smokers, who exhibit airway epithelial dysfunction not caused by asthma, to identify epithelial abnormalities that are specific to asthma and not simply a general response to airway inflammation. Finally, to assess the cell autonomy of any asthma-specific corticosteroid-sensitive responses detected, we examined expression in airway epithelial cells exposed in culture to IL-13 and to corticosteroids. the airway epithelial brushings yielded 1.3 Ϯ 0.8 ϫ 10 6 cells, of which 97 Ϯ 3% were epithelial cells.
Genes Differentially Expressed in Asthmatic Airway Epithelial Cells.
Gene expression was first analyzed in subjects with asthma before treatment with inhaled corticosteroids (or placebo) by using healthy nonsmokers as a control group. By using the conservative Bonferroni correction for multiple comparisons, we found differential expression for 26 probe sets representing 22 genes in asthma compared with healthy controls (Table 1) . Thirteen genes displayed increased expression in asthmatics compared with healthy subjects and nine genes displayed decreased expression. The differential expression of eight of these genes was reassessed and confirmed by quantitative real-time PCR (qPCR) (Fig. 1A) .
Among the most highly induced genes were chloride channel, calcium-activated, family member 1 (CLCA1) (6.2-fold), periostin (4.4-fold), and serine peptidase inhibitor, clade B (ovalbumin), member 2 (serpinB2) (also known as plasminogen activator inhibitor-2) (3.5-fold). Originally described as a calcium-activated chloride channel, CLCA1 likely functions indirectly in chloride transport (9) and has previously been reported to be up-regulated in asthma (10) (11) (12) (13) . Periostin is an integrin ligand and extracellular matrix protein with roles in cell adhesion, cell motility, and matrix remodeling. SerpinB2 is a member of the serpin class of proteases and functions to inhibit plasminogen activation and promote fibrin formation and deposition. Among the other most differentially expressed genes in the epithelial brushings were three mast cell markers: carboxypeptidase A3 (3.4-fold induced), tryptase ␤2 (2.2-fold induced), and tryptase ␣/␤1 (2.1-fold induced).
Protein Confirmation. Because CLCA1 is well recognized as an asthma-associated gene (10-13), we focused our confirmatory protein analyses on periostin and serpinB2. Periostin protein expression was confirmed by immunohistochemistry in bronchial biopsies from a randomly selected subset of asthmatic and healthy control subjects. Periostin immunolocalized to the basement membrane zone immediately below the epithelium and in the mesenchymal tissue compartment in all subjects, and quantification confirmed increased expression in asthma (SI Fig. 4 ). SerpinB2 protein expression was confirmed by ELISA (American Diagnostica, Stamford, CT). We found that serpinB2 levels in bronchoalveaolar lavage fluid were below the lower limit of detection (50 pg/ml) in all of the 13 healthy control subjects but were detectable in 13 of 27 asthmatics (median, 0.05; range, 0-3.3 ng/ml; P ϭ 0.002).
Genes Differentially Expressed in Airway Epithelial Cells from Smokers. We next analyzed gene expression in nonasthmatic habitual smokers compared with the healthy nonsmoking controls and found differential expression for 54 probe sets representing 40 genes (SI Table 3 ); 27 genes displayed increased expression and 13 were decreased. Twelve of the up-regulated genes are oxidoreductases, including AKR1B10 (13.6-fold induced), CYP1B1 (10.4-fold), ALDH3A1 (5.1-fold), GPX2 (4.9-fold), AKR1C2 (3.9-fold), and ME1 (3.4-fold). Transmembrane protein 45 (TMEM45A), a gene of unknown function, was the only gene differentially expressed in both asthma vs. healthy and smokers vs. healthy comparisons (repressed by 2.0-fold in asthma and 2.8-fold in smokers).
Genes Responsive to Corticosteroids. Analysis of gene expression in asthmatic subjects treated either with inhaled fluticasone or placebo control revealed 33 probe sets representing 30 genes with at least a 2-fold change in expression in the fluticasone group compared with the placebo group (SI Table 4 ). The expression levels of six of these genes were reassessed by qPCR (Fig. 1B) and yielded statistically significant confirmatory changes for all genes except periostin, which showed a strong trend (P ϭ 0.064) for reduced expression after inhaled corticosteroid treatment. The most highly induced known gene was FK506-binding protein 51 (FKBP51), which reportedly modulates glucocorticoid receptor (GR) activity (14) . Baseline FKBP51 expression, as measured by qPCR, correlated inversely with lung function response to fluticasone treatment, as assessed in a standard test that measures the change in the volume of air that is exhaled in the first second of a forced exhalation (FEV 1 ) ( Fig. 2 A and B) .
To identify genes that are both associated with asthma and are corticosteroid-responsive, we compared the 22 genes differentially expressed in asthma (Table 1) with the 30 genes affected by corticosteroid treatment (SI Table 4 ). The following three genes met both criteria: CLCA1, periostin, and serpinB2. All three were up-regulated in asthma and down-regulated by corticosteroids. In addition, changes in the expression of these genes (as measured by qPCR) were associated with improvements in lung function in the fluticasone group. Specifically, the baseline expression of CLCA1, periostin, and serpinB2 correlated directly with improvements in lung function (FEV 1 ) in the corticosteroid treated subjects at 4 weeks (r ϭ 0.60, P ϭ 0.011; r ϭ 0.49, P ϭ 0.048; and r ϭ 0.53, P ϭ 0.027, respectively). Furthermore, decreases in serpinB2 expression with fluticasone treatment (difference between log mRNA copy number at the second vs. the first bronchoscopy) correlated with improvements in FEV 1 at both 4 and 8 weeks (r ϭ Ϫ0.62, P ϭ 0.01, and r ϭ Ϫ0.65, P ϭ 0.009, respectively).
In Vitro Effects of IL-13 and Corticosteroids on Lung Epithelial Cells.
Whereas CLCA1 is an airway epithelial cell product induced in asthma (10, 12) , it is unknown whether airway epithelial cells are a source of serpinB2 and periostin, whether these genes are induced by T helper type 2 cytokines, or whether their expression is directly modulated by corticosteroids. We therefore tested the effects of IL-13 and corticosteroids on expression of these genes in two cell culture preparations: (i) BEAS-2B cells, an SV-40 transformed human airway epithelial cell line, in monolayer culture, and (ii) primary human airway epithelial cells grown in an air-liquid interface (ALI), which promotes cell differentiation and which allows for IL-13 responses similar to those seen in vivo in murine airway epithelial cells (15) . We found that IL-13 (50 ng/ml for 4 days) induced periostin and serpinB2 expression in BEAS-2B cells and that dexamethasone, added for the last 24 h, produced a dose-dependent inhibition of IL-13-induced gene expression ( Fig. 3 A and B) . Also parallel with our in vivo findings, FKBP51 expression was not induced by IL-13 in BEAS-2B, but was induced by dexamethasone in a dosedependent manner (Fig. 3C) . However, we failed to detect CLCA1 transcripts in BEAS-2B cells under any conditions. CLCA1 is thought to play a role in mucus production, and lack of expression of CLCA1 in BEAS-2B cells grown in monolayer may reflect the inability of these cells to acquire features of differentiated mucusproducing goblet cells.
In primary human airway epithelial cells grown in an ALI, we found that expression of CLCA1 in addition to periostin and serpinB2 was induced by IL-13 (50 ng/ml for 4 days) (Fig. 3 D-F) , and that either dexamethasone or budesonide (an inhaled corticosteroid preparation commonly used in asthma therapy) added for the last 24 h inhibited these IL-13 effects (Fig. 3 D-F) . Dexamethasone and budesonide also induced expression of FKBP51 in these primary cells (Fig. 3G) . We conclude that periostin, serpinB2, and CLCA1 expression in airway epithelial cells can be directly regulated by IL-13, and that repression of periostin, serpinB2, and CLCA1 and induction of FKBP51 are direct and cell-autonomous effects of corticosteroids on those cells.
Discussion
In cells obtained from airway epithelial brushings, we identified 22 genes differentially expressed in asthma compared with healthy controls; with one exception, these genes were distinct from 40 genes that we found to be differentially expressed in habitual § § The clinical trial registration information is as follows: ClinicalTrials.gov identifier NCT00187499; study ID nos. H6788-20160-04; P50HL56385; last updated December 8, 2005 ; record first received September 13, 2005. 6 .
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8 . smokers. Three of the 22 asthma-associated genes were proteases that are known products of mast cells and basophils (tryptase ␤2, tryptase ␣/␤1, and carboxypeptidase A3), indicating that these cells are present in the epithelial compartment in asthma and that their secreted proteases, cytokines, and lipid mediators likely contribute to the epithelial cell activation (16, 17) and dysfunction that characterizes asthma.
Three of the asthma-associated genes (CLCA1, periostin, and serpinB2) changed in expression by at least 2-fold with corticosteroid treatment, and all were repressed. Based on the actions of the products of these genes, it is tempting to speculate that their regulation may produce at least part of the therapeutic effects of corticosteroids in the asthmatic airway. Thus, CLCA1 is implicated in mechanisms of mucus hypersecretion, bronchial hyperreactivity, and eosinophil accumulation in asthma (10) . In addition, periostin secreted by lung fibroblasts has been proposed to promote subepithelial fibrosis in asthma (18) , and SerpinB2 is induced by allergen challenge in airway epithelial cells from asthmatics (19) .
It is conceivable that periostin and serpinB2 contribute to airway remodeling. Periostin is an extracellular matrix protein and integrin ligand originally identified in osteoblasts but known to be secreted by malignant epithelial cells, periodontal ligaments, and pericardial and heart valve tissue (20) (21) (22) . Interestingly, periostin appears to stimulate adhesion and migration of malignant epithelial cells through interaction with multiple integrins, including ␣v␤3, ␣v␤5, and ␣v␤6 (20, 23, 24) , and to enhance collagen fibrillogenesis and the biomechanical properties of connective tissues (21) . Periostin expression is induced by IL-13 in lung fibroblasts in vitro and is elevated in the airways of ovalbumin-challenged mice and in human subjects with asthma, localizing to the subepithelial compartment (18) . We found that IL-13 markedly up-regulated periostin gene expression in cultured airway epithelial cells as well, and the immunolocalization of periostin to the subepithelial region in airway biopsies suggests that it is secreted basolaterally into the underlying matrix. From this location, periostin could interact with matrix proteins to promote cell motility or epithelial-mesenchymal signaling interactions that produce airway remodeling.
SerpinB2 [also known as plasminogen activator inhibitor-2 (PAI-2)] is a serine protease inhibitor, which exists largely as a 47-kDa intracellular form and may also be secreted as a 60-kDa glycosylated protein (25) . Like plasminogen activator inhibitor-1 (PAI-1), SerpinB2 inhibits tissue-type and urokinase-type plasminogen activators (tPA and uPA), prevents activation of plasmin, and promotes fibrin formation. Fibrinogen and thrombin accumulation on the airway surface can contribute to the pathogenesis of airway hyperresponsiveness (26) , and PAI-1 has been linked to asthma in both genetic studies (27) (28) (29) (30) and in mouse models (31) . However, whether serpinB2 functions primarily in extracellular fibrin deposition is uncertain, particularly because it is predominantly intracellular. Provisionally, we suggest that serpinB2 represents a novel effector of the multiple airway remodeling actions provoked by IL-13 (32) .
FKBP51 was among the genes most highly induced by corticosteroids. FKBP51 is an immunophilin chaperone protein, a subunit of the multiprotein GR ''aporeceptor'' complex that resides in the cytoplasm before hormone binding. On association with an agonist such as dexamethasone, GR dissociates from the chaperone complex, translocates to the nucleus, and modulates transcription. FKBP51 overexpression appears to inhibit GR signaling by impairing nuclear translocation (33) and reducing hormone binding (34) . Moreover, FKBP51 is potently induced by corticosteroids (35, 36) , suggesting that FKBP51 may function in a negative-feedback loop to limit GR signaling within a permitted range. Indeed, FKBP51 overexpression may contribute to glucocorticoid resistance syndrome in primates (37, 38) , and FKBP51 mRNA expression levels in peripheral blood mononuclear cells may provide an assay for individual sensitivity to corticosteroids (39, 40) . In principle, FKBP51 expression might affect clinical responsiveness to corticosteroids in asthma.
New ways to characterize asthma phenotypes are needed, so that treatment can be better tailored to individuals with disease. In this study, we have used gene expression microarray analysis of airway epithelial cells from patients and normal subjects to initiate a molecular analysis that can progress to mechanistic studies. We describe periostin, serpinB2, and CLCA1 as biomarkers of classic IL-13-driven, corticosteroid-responsive asthma and as potential mediators of disease. These proteins can plausibly be inserted in pathways of pathology in the epithelium and submucosa. In addition, we identify FKBP51 as a biomarker of corticosteroid responsiveness and a potential mediator of corticosteroid-resistant disease. Finally, we demonstrate that bronchial epithelial cells are direct targets both for IL-13-mediated gene induction in asthma, and for corticosteroid repression of those induced genes in treatment of this disease. It should now be possible to use this information to develop focused strategies to determine disease mechanisms and potential selective therapeutics.
Materials and Methods
Human Subjects and Protocols. We collected epithelial brushings by bronchoscopy from 42 subjects with asthma, 16 current smokers without asthma, and 28 healthy controls. Healthy control subjects and smokers were enrolled in one of three cross-sectional studies, which comprised two visits each, the first for characterization and the second for bronchoscopy 1 week later. Subjects with asthma were enrolled in a 10-week, randomized, double-blind, placebocontrolled trial specifically designed to determine the effects of inhaled fluticasone (500 g, twice daily) on airway gene expression and to relate gene expression changes to improvements in lung function (SI Fig. 5 ). Bronchoscopy was performed at baseline and repeated 1 week after starting study drug. Thirty-five subjects had adequate baseline bronchoscopy, and 32 had RNA available from epithelial brushings at both bronchoscopies. Lung function was measured at intervals over the 8-week treatment period. Epithelial RNA from a subset of the subjects studied by microarray here have been used in other PCR-based gene expression studies performed by our group (41) . Methods for bronchoscopy, epithelial brushing, bronchoalveaolar lavage, and sample handling were identical across all studies. All clinical studies were approved by the University of California at San Francisco Committee on Human Research, written informed consent was obtained from all subjects, and all studies were performed in accordance with the principles expressed in the Declaration of Helsinki.
In Vitro Studies. BEAS-2B cells were maintained on DME-H16 10% FBS medium and changed to DME-H16 medium containing 10% activated charcoal-stripped FBS the day before they reach confluence. All further experiments are carried out in stripped serum medium. Cells were treated with IL-13 (50 ng/ml) for 4 days, with the addition of dexamethasone at a dose range in the last 24 h before cell lysis and RNA extraction using the Qiagen RNeasy mini-kit (Qiagen, Valencia, CA). All conditions were performed in triplicate. Human bronchial epithelial cells were obtained at autopsy (courtesy of Walter Finkbeiner, University of California, San Francisco) by enzymatic digestion as described previously in ref. 42 and plated in a 1:1 mixture of DMEM/Ham's F-12 plus 5% FBS, penicillin (100 units/ml), streptomycin (1 mg/ml), fungizone (2.5 g/ml), gentamicin (50 g/ml) (PSFG), and onto polycarbonate inserts (0.4-m pore size; Costar, Corning, MA) coated with 20 g/ml human placental collagen at 9.1 ϫ 10 5 cells per filter. For 2 successive days, filters and wells were rinsed twice with PBS with PSFG, and 1 ml of ALI medium (43) was added to each well. Then, the medium was changed every other day. On days 13 and 14, medium was switched to ALI (Ϫ) hydrocortisone/(ϩ) 50 ng/ml IL-13 excepting four control filters, which were switched to ALI (Ϫ) hydrocortisone. On day 15, either 1 M dexamethasone (SigmaAldrich, St. Louis, MO) reconstituted in DMSO or 100 nM budesonide (AstraZeneca, Wilmington, DE) diluted in PBS were added as appropriate. All conditions were performed in quadruplicate. On day 16, cells were lysed, and RNA was extracted as described above.
Gene Expression Microarray Analysis. For microarray analysis, 25 ng of total epithelial RNA was amplified by using NuGen Ovation RNA amplification system. Then, 2.75 g of single-stranded cDNA was hybridized to Affymetrix (Santa Clara, CA) U133 plus 2.0 arrays (Ͼ54,000 probe sets coding for 38,500 genes). Array images were analyzed by using Affymetrix GeneChip Expression Analysis Software. Bioconductor (44) was used for quality control (affyPLM algorithm), preprocessing (RMA algorithm), cluster analysis, and linear modeling (44) (45) (46) . Raw array data are available from the Gene Expression Omnibus public database (www.ncbi.nlm.nih.gov/ geo, accession number GSE4302).
Real-Time PCR (qPCR).
For analysis of epithelial brushings and primary human airway epithelial cells, two-step qPCR was performed as described previously in ref. 47 . cDNA synthesis was carried out by using 20 ng of total RNA and BD Clontech (Mountain View, CA) Powerscript Reverse Transcriptase with random hexamers for priming. Then, multiplex preamplification was performed by using one-fifth of the resultant cDNA, Advantage 2 Polymerase (BD Clontech), and 5 pmol of each outflanking primer. Multiplex hot-start amplification was done for 5, 10, 15, and 20 cycles to ensure that the reaction remained in the exponential phase of PCR and the substrates were not limiting (47) . Real-time PCR gene quantification was then performed on the amplified cDNA by using TaqMan probes (Applied Biosystems, Foster City, CA) and Universal Master Mix (Platinum Quantitative PCR SuperMix-UDG with ROX; Invitrogen, Carlsbad, CA). Transcript quantification was run on an ABI Prism 7900 Sequence Detection System (Applied Biosystems). Cycle threshold values obtained for each gene were then converted into relative transcript copy numbers based on logarithmic transformation and linear regression of prior data, as described previously in ref. 47 . Transcript copy numbers were normalized by using a two-step approach. First, the amount of amplification product used in TaqMan profiling was normalized on the basis of housekeeping gene expression. Then a panel of four housekeeping genes was measured during TaqMan profiling (GAPDH, ubiquitin, EEF1A1, and PPIA), and the geometric mean value of the two housekeeping genes most stably expressed across the samples was used for normalization (48) . For BEAS-2B cells, qPCR was performed without multiplex preamplification. First-strand cDNA synthesis was carried out by using 10 g of starting RNA, and then one-fourth of the resultant cDNA was used for qPCR gene quantification by using the methods described above (including the same four housekeeping genes for normalization).
Immunohistochemistry. Sections were deparaffinized, rehydrated, incubated in 3% hydrogen peroxide/absolute methanol for 10 min, and then blocked with 1% goat serum for 30 min at 23°C. Sections were then blotted and incubated in primary antibody [''anti-OSF2'' (periostin); BioVendor, Candler, NC] diluted in 1% goat serum/ 0.3% Tween 20/PBS at 1:16,000 for 1 h at 23°C. Sections were then incubated for 1 h at 23°C in biotinylated goat anti-rabbit secondary antibody (Vector Laboratories, Burlingame, CA). Next, sections were incubated in ABC reagent (Vector Laboratories) for 1 h at 23°C, followed by DAB Plus reagent (Zymed, San Francisco, CA) for 10 min, and counterstaining with Gill's no. 3 hematoxylin.
Design-Based Stereology. Six endobronchial biopsies were obtained from second-through fifth-order carinae, formalin-fixed, and paraffin-embedded, and then analyzed by using immunohistochemistry (described above) and design-based stereology (49) . First, the volume of immunohistochemical staining, the volume of submucosal tissue surveyed, and the surface area of the epithelial basal lamina surveyed were determined by point and intersection count-ing using an integrated microscope (Olympus, Albertslund, Denmark), video camera (JVC Digital Color; JVC, Tatstrup, Denmark), automated microscope stage, and computer [Dell Optiplex GS270 PC running Computer-Assisted Stereology Toolbox (C.A.S.T.) software; Olympus, Albertslund, Denmark]. A line segment grid was superimposed on systematically randomly selected microscopic fields. Points overlying submucosal tissue that is immunostained and unstained were counted separately along with intersections of test lines with basal lamina. The measurements were recorded by a blinded investigator using a ϫ20 objective lens. The volume density of immunostaining was calculated by quantification of the volume of stained submucosa referenced to the surface area of the basal lamina surveyed (cubic micrometer per square micrometer).
ELISA. ELISA for serpinB2 protein levels in bronchoalveolar lavage fluid was performed by using a commercially available kit (Imubind PAI-2 ELISA; American Diagnostica, Stamford, CT) according to the manufacturer's directions.
Statistical Analysis. For between-group comparisons, t test, ranksum test, or ANOVA followed by pairwise analyses with Sidak correction were used as appropriate. Correlation of mRNA copy number by PCR (log transformed for normality) and lung function was performed by using Pearson's correlation. STATA, version 9, software was used (StataCorp, College Station, TX), and P Ͻ 0.05 was taken as statistically significant. In microarray analyses, differential gene expression was assessed by using linear models (controlling for age and gender). For between-group comparisons, a Bonferroni-corrected value of P Ͻ 0.05 was used to identify differentially expressed genes. For the placebo-controlled trial, changes in gene expression from baseline to postintervention were calculated and the mean changes in the fluticasone and placebo groups were compared. A 2-fold change (either higher or lower in the fluticasone group compared with placebo) was used to identify differentially expressed genes. Microarray analyses were performed by using Bioconductor open source software (44) in the R statistical environment. For cell culture experiments, between-group comparisons of gene expression (using copy number, log-transformed for normality) were performed by using ANOVA followed by pairwise comparisons by using t test with the Sidak correction for multiple comparisons.
